We generate a third-harmonic field from topological photonic edge states in zigzag arrays of silicon nanoparticles. The effect is unidirectional due to the interplay of nonlinearity and bianisotropic coupling between electric and magnetic Mie resonances.
Introduction
Topological edge states of light are promising for disorder-immune photonic circuitry [1] . However, the realization of one-way propagating edge states, protected against any backscattering, is still challenging [2] . Most existing designs are based on the time-inversion symmetry, and the edge states survive only for very special types of disorder. Full topological protection requires the breaking of optical reciprocity by either external magnetic fields or nonlinearity. Despite the growing interest in nonlinear topological photonics [3] [4] [5] [6] , no experimental demonstration of any one-way effects for topological edge states, induced by optical nonlinearity, has been reported so far.
Here, we observe the unidirectional topology-controlled third-harmonic generation (THG) from photonic edge states. The structure under consideration is shown in Figs. 1(a-c) , this is a zigzag array of Si nanodisks where topological edge states are based on dipolar electric or magnetic Mie resonances, and they can be excited depending on the light polarization [7] . Recent demonstrations of enhanced third-and second-harmonic generation from Si nanodisks [8] make such zigzag arrays perfect candidates for nonlinear topological nanophotonics.
Bianisotropic mechanism of nonreciprocal nonlinear edge states
First, we provide a qualitative explanation of the physics of one-way harmonic generation from the edge states. We employ an analytical discrete-dipole model describing Si nanoresonators supporting electric dipole (ED) and magnetic dipole (MD) Mie modes. The key ingredient of our model is a bianisotropic coupling between the ED and MD modes of the resonators. While a number of bianisotropic designs can be readily employed [9] , the simplest way to add bianisotropy is to account for the substrate that is present in a real system. The coupling between ED and MD resonant modes depends on whether the structure is illuminated from air or from a substrate [see Figs. 1(b, c) ]. Specifically, bianisotropy can sharpen the magnetic edge state for the illumination from air [ Fig. 1(b) ], or remove the magnetic edge state for the substrate illumination [ Fig. 1(c) ]. We emphasize, that the total forward scattering in the linear regime is not affected by bianisotropy due to reciprocity of the system.
To reveal the effect of bianisotropic coupling onto topological edge states we next consider nonlinear third-harmonic generation in our structure. As the THG is enhanced dramatically at the MD resonance over the ED [8] , our model predicts sharp THG edge state for illumination from air, and homogeneous THG for illumination from substrate.
Experimental demonstration of topology-controlled one-way third-harmonic generation.
We proceed with experiments and fabricate silicon zig-zag arrays of nanoparticles on a glass substrate by using electron-beam lithography. We have studied the influence of the chain length from 15 disks down to a single nanodisk, as well as the effect of even or odd number of particles. We generate a third-harmonic signal with 1550 nm fs laser. We use a set of lenses and a Peltier-cooled CCD camera to build an image of the third-harmonic radiation from the nanoparticle arrays. Figure 2(a) shows the distribution of the transmitted third-harmonic radiation for air illumination. We observe experimentally localized modes at the third-harmonic frequency when the laser pump excites the topological edge state [7] . The observed edge-to-center intensity contrast is about 8. In the backward geometry, when light is incident from the substrate, the third harmonic distribution is relatively homogeneous and no preferential edge state excitation can be revealed, see Fig. 2(b) . Experimental results agree with full-wave nonlinear optical simulations. 
Conclusions and Outlook
We have presented an experimental platform for nonlinear topological nanophotonics based on arrays of coupled silicon nanodisks supported optical Mie resonances being placed on a dielectric substrate. The system possesses optical edge states in the linear regime that enhance the THG efficiency. While the linear response is reciprocal, the nonlinear optical processes break the reciprocity. Namely, the interplay of optical nonlinearity and substrate-induced bianisotropy leads to unidirectional excitation of the third harmonic signal from the edge state. Our work paves the way toward topologically protected photonic circuitry fully immune to disorder and backscattering.
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